The objective of this paper is to derive the bounds of fractional and conformable integral operators for (s, m)-convex functions in a unified form. Further, the upper and lower bounds of these operators are obtained in the form of a Hadamard inequality, and their various fractional versions are presented. Some connections with already known results are obtained.
The following remark comprises the functions which can be obtained from the above definition. The goal of this paper is to prove generalized integral inequalities for (s, m)-convex functions by the help of generalized integral operator given in Definition 7. This operator has interesting implications in fractional calculus operators. In the following we give definitions associated with Definition 7.
Definition 3 Let f ∈ L 1 [a, b] . Then the left-sided and right-sided Riemann-Liouville fractional integral operators of order μ ∈ C (R(μ) > 0) are defined as follows:
(1.4)
A k-fractional analogue of Riemann-Liouville fractional integral operator is given in [16] .
Definition 4 Let f ∈ L 1 [a, b] . Then the k-fractional integral operators of f of order μ ∈ C, R(μ) > 0, k > 0 are defined as follows:
(1.5)
(1.6)
A more general definition of the Riemann-Liouville fractional integral operators is given in [13] .
Definition 5 Let f : [a, b] → R be an integrable function. Also, let g be an increasing and positive function on (a, b], having a continuous derivative g on (a, b). The left-sided and right-sided fractional integrals of a function f with respect to another function g on [a, b] of order μ ∈ C (R(μ) > 0) are defined as follows:
where Γ (·) is the gamma function. 
where Γ k (·) is the k-gamma function.
The following generalized integral operator is given in [5] .
be the functions such that f is positive and f ∈ L 1 [a, b], and g be differentiable and strictly increasing. Also, let φ x be an increasing function on [a, ∞). Then, for x ∈ [a, b], the left and right integral operators are defined as follows:
Integral operators defined in (1.11) and (1.12) produce several fractional and conformable integral operators defined in [1, 2, 8, 9, 11-13, 22, 25] .
Remark 2 Integral operators given in (1.11) and (1.12) produce several known fractional and conformable integral operators corresponding to different settings of φ and g. (viii) If we consider φ(t) = t μ k kΓ k (μ) and g(x) = x 1+s 1+s , then (1.11) and (1.12) produce conformable fractional integrals defined by Sarikaya et al. in [22] .
s , s > 0, in (1.12) respectively, then conformable fractional integrals are achieved as defined by Jarad et al. in [9] .
, then (1.11) and (1.12) produce generalized k-fractional integral operators defined by Tunc et al. in [25] .
μ , μ > 0, then the following generalized fractional integral operators with exponential kernel are obtained [2] :
then Hadamard fractional integral operators will be obtained [12, 13] .
(xiii) If we consider φ(t) = t μ Γ (μ) and g(t) = -t -1 , then Harmonic fractional integral operators defined in [13] will be obtained and given as follows:
then left-and right-sided logarithmic fractional integrals defined in [2] will be obtained and given as follows:
In recent decades fractional and conformable integral operators have been used by many researchers to obtain corresponding operator versions of well-known inequalities. For some recent work, we refer the reader to [1, 2, 7, 8, 10, 20, 21, [24] [25] [26] . In the upcoming section we derive the bounds of sum of the left-and right-sided integral operators defined in (1.11) and (1.12) for (s, m)-convex functions. These bounds lead to producing results for several kinds of well-known operators for convex function, m-convex function, s-convex function, and star-shaped function. Further, in Sect. 3, bounds are presented in the form of a Hadamard inequality, from which several fractional Hadamard inequalities are deduced. and (1.12) holds:
Bounds of integral operators and their consequences
Proof For the kernel of integral operator (1.11), we have
An (s, m)-convex function satisfies the following inequality:
Inequalities (2.2) and (2.3) lead to the following integral inequality:
Again, for the kernel of integral operator (1.12), we have
Inequalities (2.6) and (2.7) lead to the following integral inequality:
By adding (2.5) and (2.9), (2.1) can be obtained.
The following remark connects the above theorem with already known results. 
Further, they satisfy the following bound for μ ≥ 1:
.
Proposition 2 Let g(x)
= I(x) = x. Then (1.11) and (1.12) produce integral operators defined in [23] as follows:
Further, they satisfy the following bound:
, then (1.11) and (1.12) produce the fractional integral operators (1.9) and (1.10) as follows:
Moreover, from (2.1) the following bound holds for μ ≥ k: 
Corollary 2
If we take φ(t) = t μ Γ (μ) , μ > 0, and g(x) = x ρ ρ , ρ > 0, then (1.11) and (1.12) produce the fractional integral operators defined in [1] as follows:
Moreover, from (2.1) they satisfy the following bound:
Corollary 3
If we take φ(t) = t μ Γ (μ) , μ > 0, and g(x) = x n+1 n+1 , n > 0, then (1.11) and (1.12) produce the fractional integral operators defined as follows:
Remark 4 The bounds of Riemann-Liouville fractional and k-fractional integrals can be computed by setting φ(t) = t μ Γ (μ) , g(t) = t and φ(t) = t μ k kΓ k (μ) , g(t) = t respectively in (2.1), we leave it for the reader.
For the function f which is differentiable and |f | is (s, m)-convex, the following result holds.
Theorem 2 Let f : I → R be a differentiable function if |f | is (s, m)-convex with m ∈ (0, 1], and let g : I → R be a differentiable and strictly increasing function. Also, let φ x be an increasing function on I, then for a, b ∈ I, a < b the following inequalities for integral operators hold: 
-
Inequalities (3.3) and (3.4) lead to the following integral inequality:
On the other hand, for the kernel of integral operator (1.12), we have
Inequalities (3.4) and (3.7) lead to the following integral inequality: 
Concluding remarks
This work produces some generalized integral operator inequalities via (s, m)-convex function. From these inequalities the bounds of all integral operators defined in Remark 2 can be established for convex function, m-convex function, s-convex function, and starshaped function. The reader can produce a plenty of Hadamard type inequalities for fractional and conformable integral operators deduced in Remark 2 by applying Theorem 3.
